Radiation effects on silver and zinc battery electrodes, III  Interim report, Oct. 1965 - Jan. 1966 by Recht, H. L. et al.
Ai-66-33 
RADIATION EFFECTS ON SILVER AND ZINC 
BATTERY ELECTRODES. i l l .  
interim Report 
October 1965 to January 1966 
Prepared for 
Jet Propulsion Laboratory 
Under Contract No. 951109 
N 
I 
m (THRU) 
> et (PAGES) A (CODE) 
U L F2zj (CATEGORY) ~ A S A  C R  O R  T M X  02 AD HUMBERI 
i 
CFSTI PRY:
Hard COPY 2-m 
H653 July65 
ATOMICS INTEWTIONAL 
- A  D I V I S I O N  OF N O R T H  AMERICAN AVIATION, INC. 
https://ntrs.nasa.gov/search.jsp?R=19660014473 2020-03-16T19:43:27+00:00Z
This work was performed for the Jet Propulsion Laboratory, 
California Institute of Technology, pursuant to a subcontract 
issued under Prime Contract NAS7-100 between the California 
Institute of Technology and the United States of America repre- 
sented by the National Aeronautics and Space Administration. 
AI -66-33 
RADIATION EFFECTS O N  SILVER AND Z I N C  
BATTERY ELECTRODES. 111.  
Interim Report 
October 1965 to January 1966 
Preoared for 
Jet Propulsion Laboratory 
Under Contract No. 951 109 
BY 
M. M. NICHOLSON 
H. L. RECHT 
G. SCHLESINGER 
W. A. McCOLLUM 
ATOMICS 1NTEIV)IIATIOW 
A D I V I S I O N  OF NORTH AMERICAN AVIATION,  INC. 
MARCH 21, 1966 
8 
CONTENTS 
Page 
I . summary ....................................................... 
I1 . Introduction .................................................. 
I11 . Experimental .................................................. 
A . Cells ..................................................... 
B . Electrodes ................................................ 
C . Electrical Circuits ....................................... 
D . Gamma Radiation Sources ................................... 
E . Procedures ................................................ 
IV . Re.lts ....................................................... 
A . Instrumentation ........................................... 
B . Irradiation Runs. ......................................... 
V . .scussion .................................................... 
A . Recent Results ............................................ 
B . Plans for Future Work ..................................... 
Acknowledgement ................................................... 
References ........................................................ 
6 
6 
9 
9 
9 
11 
11 
13 
15 
16 
AI-66-33 
i 
. 
.' i TABLES 
I 
Page 
I. Conditione for Silver Electrode Runs,..,.,...,.................. 17 
11. Silver Electrode Capacity. ...................................... 18 
111. Analyses of Gases After Irradiation Stage....................... 19 
No Analyses of Solids Recovered from Silver Electrode Compartment.. 20 
I 
AI-66-33 
ii 
FIGURES 
I 
1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 
10 . 
Reference 
Schematic 
Schematic 
nectrode.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Diagram of Cycling Circuit.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Magram of Capacity Measuring Circuit.. . . . . . . . . . . . . . .  
Capacity Measuring Circuit.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Voltage Follower Circ~t....................................... 
Pressure Measuring CircU.it.................~..~................ 
Ekperimental Procedure for Silver Electrodes................... 
Gat3 Ekchange System.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cycling at 60-65 Percent Charge ................................ 
Cycling at 90-95 Percent Charge................................ 
Page 
3 
4a 
4a 
4b 
5a 
6a 
6b 
?a 
10a 
10b 
I 
AI-66-33 
iii 
I. SUMMARY 
(1 
4 
The invest igat ion of s i l v e r  electrodes i n  experimental c e l l s  with 
cadmium counter e lectrodes w a s  continued, with emphasis on the improve- 
ment of precision i n  the  discharge capacity and gas evolution data. 
Steps have been taken f o r  t he  closer standardization of discharge 
current  density and depth of t he  conditioning cycle,  f o r  the  reduction 
of ohmic drop e f f e c t s  i n  the recording and current  cont ro l  c i r c u i t s ,  
and f o r  the establishment of a well-defined gas atmosphere before the 
i r r a d i a t i o n  step. 
I n  c losely matched c e l l s  at 90% state of charge, with capacity 
l imi ted  by the s i l v e r  e lectrode,  a capacity increase of 15% (23%) w a s  
observed f o r  the system receiving 7 x 10 
radia t ion ,  while an increase of 12% (22%) w a s  observed f o r  the control  
c e l l  maintained at the same temperature. Further work w i l l  be required 
t o  a sce r t a in  the magnitude of radiat ion e f f e c t s  on the s i l v e r  electrode 
capacity. 
7 60 rads (H20) of Co gamma 
Hydrogen was again detected in i r r ad ia t ed  cells,  and it was shown 
that a &nor quant i ty  of this product or iginated from the  polystyrene 
c e l l  l i n e r  and/or the  e l ec t ro ly t e  solut ion i n  the  absence of electrodes. 
I n  fu ture  work, procedures w i l l  be developed f o r  t he  study of 
secondary zinc electrodes.  
are state of charge, t o t a l  radiat ion dose, i r r a d i a t i o n  rate, and cycle 
depth. 
Major var iables  of i n t e r e s t  f o r  both electrodes 
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11. INTRODUCTION 
Bat te r ies  on space vehicles  are exposed t o  various types of rad ia t ion  
from cosmic rays o r  the V a n  Allen bel t .  
b a t t e r i e s  received rad ia t ion  doses of approximately 10 
SNAP 1OA mission. 
the nickel-cadmium system. 
Nickel-cadmium and s i lver-zinc 
6 rads  (H 0 )  on the 2 
Damage from gamma rays  is inc ip ien t  at this l eve l  i n  
1 
P ? ?  
Recent work i n  t h i s  program on the  s i lver-zinc system i n  40% potassium 
hydroxide e l ec t ro ly t e  has revealed two pr inc ipa l  e f f e c t s  of gamma radiat ion:  
(a)  loss of mater ia l  from the  s i l v e r  e lectrode 
i n  c e l l s  containing s i l v e r  t e s t  electrodes and cadmium counter electrodes.  
A change i n  coulombic capacity of the s i l v e r  e lectrode during i r r a d i a t i o n  
could not be excluded, but more precise capacity data were needed t o  r e fu t e  
or  confirm t h a t  poss ib i l i ty .  
2 and (b) evolution of hydrogen 
AI-66-33 
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A. CELLS 
S ta in l e s s  steel  c e l l s  with polystyrene l i n e r s ,  which have been described 
The s teel  cases were equipped 2 previously, 
with Swagelok Quick-Connect f i t t i n g s  t o  f a c i l i t a t e  t he  removal of samples 
f o r  gas analysis.  
with f r i t t e d  quartz separatorsO2 The p l a s t i c  p a r t i t i o n s  and bottoms f o r  
such c e l l s  were or ig ina l ly  constructed by hand from polystyrene shee t ;  more 
recent ly  these pa r t s  were machine fabricated f o r  b e t t e r  uniformity and ease 
of assembly. 
were used i n  t h i s  investigation. 
The polystyrene l i n e r s  were the three-compartment type, 
As i n  the preceding report  period, the t e s t  e lectrodes were s i l v e r  
ba t t e ry  cathodes from Yardney Elec t r ic  Company, cu t  t o  one-half t h e i r  
o r i g i n a l  s i z e  t o  provide the appropriate discharge capaci tyO2 The counter 
e lectrodes were again of cadmium, removed from Union Carbide N75 sealed 
nickel-cadmium b a t t e r i e s  and trimmed t o  f i t  the  ce l l .  Two cadmium 
electrodes,  connected i n  parallel, were placed on opposite s ides  of the  
l imi t ing  s i l v e r  electrode. 
f r i t s .  
The working electrodes were separated by quartz 
A new reference electrode designed f o r  rad ia t ion  work w a s  constructed 
and evaluated 
w a s  housed i n  
shown i n  Fig. 
f o r  recording purposes during t h i s  quarter.  
a polystyrene container with a Nylon wick salt bridge, as 
1, 
The electrode 
The electrochemical system was Hg/H@/b% KOH; the  same 
AI-66-33 
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Figure 1, Reference Zlectrode 
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design would be applicable t o  other couples such as Ag/Ag20/b% KOH. 
Nylon thread appeared t o  provide adequate chemical i so l a t ion ,  but i t  
introduced a high impedance i n t o  the reference electrode c i r cu i t .  For 
use with recording o r  cont ro l  c i r cu i t ry ,  t h i s  high impedance source of 
reference poten t ia l  was converted t o  a l o w  impedance source by t h e  voltage 
follower scheme described i n  the  next section. 
The 
C e  ELECTRICAL CIRCUITS 
1. Electrochemical Measurements 
Brief descriptions of the automatic cycling and capacity measuring 
equipment were given i n  e a r l i e r  reports. "' Schematic diagrams of the two 
types of apparatus are shown i n  figs. 2 and 3, respectively.  The 15-minute 
clock provides a cycle of four phases, each of 15 minutes duration: 
c i r c u i t  - charge - open c i r c u i t  - discharge. This shallow cycling process 
is appl ied i n  the preconditioning and i r r ad ia t ion  steps. One cycling u n i t  
is used i n  conjunction with the radiat ion source; the other  remains i n  the  
laboratory with the control  ce l l .  
open 
The capacity measuring system operated by the 8-hour clock sends 
a constant discharging current through the c e l l  as long as its t o t a l  
p o t e n t i a l  is above a preset  lower l i m i t .  
c e l l  is automatically held at essent ia l ly  constant po ten t i a l  f o r  t h e  
remainder of the 8-hour period by in te rmi t ten t  discharging as the c e l l  
tends t o  recover on open c i r cu i t .  
l i m i t  occurs i n  the charging mode. 
be determined by t h e  use of a common current source. 
When this l i m i t  is reached, t he  
Analogous control  at the  upper voltage 
Thus, the capacity of two c e l l s  can 
Figure 4 shows a 
AI-66-33 
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Figure 2. Schematic Diagram of Cycling Circui t  
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Figure 3.  Schematic Diagram of Capacity Measuring Circui t  
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deta i led  c i r c u i t  diagram of the present capacity measuring system f o r  two 
t e s t  ce l l s .  
dupl icate ,  each un i t  having a dual-pen recorder f o r  the  display of potential-  
time functions. 
The equipment represented i n  t h i s  f igure  i s  avai lable  i n  
A control  problem a r i s e s  i n  this system when the t o t a l  c e l l  po ten t i a l  
includes an appreciable ohmic component. 
po ten t i a l  r i s e s  immediately a f t e r  cessation of the current  by an amount equal 
t o  the  I R  drop. 
current ,  which rees tab l i shes  the  ohmic drop. 
with a rapid off-on response of the c e l l  current. 
treatment of the t es t  electrode and appears t o  cause some i n s t a b i l i t y  i n  the  
current  source. 
On discharge, f o r  example, the  t o t a l  
The re lay  then receives a s igna l  t o  apply the  discharge 
The system therefore o s c i l l a t e s  
T h i s  produces an undesired 
A proposed solut ion t o  this problem is based on the use of a 
reference electrode i n  the  control c i r cu i t .  This electrode would be 
placed within the  test electrode compartment, where the ohmic drop is 
negligible.  
aga ins t  the  reference ha l f -ce l l ,  ra ther  than against  the  working counter 
e lectrode,  t o  obtain more def in i t ive  electrochemical data. Construction 
of t h e  reference electrode was described i n  the  preceding section. 
The poten t ia l  of t he  t e s t  electrode would a l so  be recorded 
The voltage follower c i r c u i t  f o r  incorporating this electrode i n t o  
In this configura- the recording and cont ro l  c i r c u i t s  is shown i n  fig. 5. 
t i o n ,  t he  operational amplifier serves t o  i s o l a t e  t he  c e l l  from the measuring 
and control  systems by an ef fec t ive  impedance of t h e  order of 10 
gain is  uni ty ,  and the amplifier is non-inverting ( e  = e >. The output 
8 ohms. "he 
out i n  
AI-66-33 
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figure 5. Voltage Follower C i r c u i t  
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of t h i s  amplifier should then be su i tab le  f o r  operating the  ex i s t ing  detect ion 
system shown i n  Hg. 4, provided the grounding requirements a r e  m e t .  
mental evaluation of this scheme is i n  progress, with a Phi lbr ick P65AlJ 
amplif ier  as the voltage follower. 
Experi- 
2. Pressure Measurements 
A review of commercially available miniature pressure transducers w a s  
Consolidated conducted pr ior  t o  ordering replacements f o r  the damaged units. 
Electrodynamics Corporation Type 4-316-0001, with a range of 225 psig still  
appears t o  be the most su i t ab le  fo r  present requirements, although this model 
has shown some de ter iora t ion  i n  previous work on this program. The sensor is 
a strain-gage which functions as a Wheatstone bridge. 
the  pressure measuring system is given i n  Fig. 6. 
A c i r c u i t  diagram f o r  
D. GAMMA RADIATION SOURCES 
60 The i r r a d i a t i o n s  reported here were car r ied  out i n  the Co gamma source 
that w a s  used i n  previous work on this program.2 The present r a t i n g  of this 
source is 1.1 x 10 rads (H 0) per hour. I n s t a l l a t i o n  of a more v e r s a t i l e  
Co 
6 
2 
60 source at Atomics Internat ional  is scheduled f o r  completion in February, . 
b 1966. The new source w i l l  p r o v i i s  a variable dose rate up t o  2.5 x 10 rads 
(H20) per hour. 
E. PROCEDURES 
The electrochemical and i r r ad ia t ion  procedures i n  the  runs reported here 
were e s sen t i a l ly  those described i n  the  preceding r epor t e2  The routine f o r  
a complete run is out l ined i n  f i g .  7. The temperature of t he  control  c e l l  
AI-66-33 
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IYgure 7. Experimental Procedure for Silver Electrodes 
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was maintained at 45" t o  match t h a t  i n  the  rad ia t ion  source. 
changes incorporated s ince  t h e  previous report  include: 
Ekperimental 
(a)  
(b) 
Machine fabr ica t ion  of parts f o r  the c e l l  l i n e r s  
Use of an o i l  bath f o r  more convenient temperature cont ro l  
of the  nonirradiated c e l l  
-2 
( c>  
(d) 
Adjustment of the capacity measuring cu r renVto  7.25 ma cm 
Select ion of the cycl ing current t o  y i e ld  a more precise 
7s state of charge increment i n  15 minutes 
( e )  Preliminary cycling from the same s t a t e  of charge as tha t  
used i n  the i r r a d i a t i o n  stage. 
G a s  analyses were performed by mass spectrometry. The simple gas exchange 
manifold depicted i n  EYg. 8 has been constructed f o r  the establishment of a 
well-defined pre- i r radiat ion atmosphere and f o r  use i n  leak t e s t i n g  of the  
s t e e l  ce l l .  
ab le  a t  the time of the work reported here;  however, t h e i r  use is planned on 
a l l  fu ture  runs. 
The exchange manifold and helium leak detector  were not avai l -  
The presence of ohmic drop i n  the  quartz f r i t  separators  was demonstrated 
i n  t h e  following manner. 
i n se r t ed  i n  a used ce l l  containing s i l v e r  and cadmium electrodes and the 
40.k potassium hydroxide electrolyte .  
two reference electrodes i n  several  configurations was measured potentio- 
met r ica l ly  with and without the  passage of c e l l  current  at 46 ma on one 
Two reference electrodes of t he  Hg/HgO type were 
The po ten t i a l  difference between the 
*Approximately 100 m a  t o t a l  current for  a cut  s i l v e r  electrode. 
AI-66-33 
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face of the  s i l v e r  electrode, 
reference electrodes were separated by a f r i t .  
i n  the  cen t r a l  compartment, t h e i r  po ten t ia l  difference did not exceed 10 mv, 
even though they were placed i n  the current  path. 
the  f r i t  f i l l e d  with e l ec t ro ly t e  was approximately 3 ohms, 
been used i n  severa l  i r r a d i a t i o n  runs and was subject  t o  chemical a t t ack  
by the  a lka l ine  solution. 
drop i n  the experimental c e l l s  can be circumvented by means of a reference 
electrode. 
An ohmic drop of 150 mv w a s  observed when the 
With both reference electrodes 
Thus, t he  resis tance of 
This f r i t  had 
These measurements i nd ica t e  that most of the ohmic 
AI-66-33 
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IV. RESULTS 
A INSTRUMENTATION 
The po ten t i a l  difference between the  reference H g h g O  and Ag/Ag 0 
2 
electrodes,  recorded through the voltage follower, Fig. 5 ,  was constant 
within 10 mv f o r  48 hours. The design i n  Fig. 1 should therefore  be 
sa t i s f ac to ry  f o r  recording the  poten t ia l s  of t es t  e lectrodes i n  this 
program. 
The current  output of the  constant current  power supply was monitored 
by recording across  a series r e s i s to r  during some of t h e  capacity measure- 
ments. 
l% w h i l e  both c e l l s  were within the cutoff l i m i t s .  
mately 5% i n  the average output current were observed, however, when the 
cutoff  system was i n  operation. The use of a reference electrode i n  the  
cont ro l  c i r c u i t  i s  expected t o  reduce this var ia t ion  t o  e s sen t i a l ly  t h a t  
inherent i n  the power supply design. 
Variations over a 12-hour i n t e r v a l  were typ ica l ly  of the order of 
Variations of approxi- 
B o  IRRADIATION RUNS 
Conditions f o r  the  i r r ad ia t ion  runs on s i l v e r  electrodes a r e  summarized 
The i r r ad ia t ed  and control  c e l l s  were more c lose ly  matched and i n  Table I. 
t h e  current  densi ty  and cycle depth more prec ise ly  controlled i n  Run CG23 
than i n  CG22. Detailed capacity da ta  are presented i n  Table 11; analyses 
of gases and r e s idua l  so l id s  a r e  given i n  Tables 111 and I V ,  respectively.  
Experimental d i f f i c u l t i e s  prevented a s i l i c a  ana lys i s  on the  residue from 
Run CG-22. Table I11 also includes gas evolution da ta  f o r  a blank run on 
AI-66-33 
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I .  
a polystyrene c e l l  l i n e r  containing 40% potassium hydroxide but no electrodes. 
Character is t ic  shapes acquired by the  potential-time curves during 
2 extended cycling at various charge l e v e l s  have been mentioned previously. 
Examples of these curves are shown i n  figs.  9 and 10. 
recorded between the s i l v e r  and cadmium electrodes i n  each case; an ohmic 
component is included, therefore ,  i n  both t h e  charge and discharge phases. 
The poten t ia l s  were 
AI-66-33 
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V, DISCUSSION 
A. HECENTRESUEIS 
The improvement of precis ion i n  the  capacity and gas evolution measure- 
To t h a t  end, some modifi- ments were major object ives  during this quarter. 
cat ions of design and procedures were developed, and damaged equipment was 
repaired or replaced. 
l i s t e d  under Procedure; others  intended f o r  fu ture  work a r e  described within 
the Experimental section. 
The pr incipal  changes introduced i n t o  prac t ice  are 
The capacity measurements reported i n  Table I1 show acceptable precis ion 
+ (21% t o  -3%) among consecutive discharge cycles. 
i n  computing the  average capacity, s ince this value is dependent on the 
termination point i n  the  preconditioning (shallow cycling) s tage and possibly 
on other  factors .  
crease of 11% (fl%). 
capaci ty  i n  the cont ro l  c e l l  f o r  this run. 
c e l l  increased 15% (23%) i n  capacity while the  control  c e l l  increased 
la% (22%) during the  same time. 
and the  same rad ia t ion  dose, changes from -16% t o  +15% were observed i n  
i r radiated c e l l s ,  and from -7% t o  +1%, i n  control  ce l l s .  
with more precise  cont ro l  of conditions are still required t o  resolve the  
capaci ty  changes caused by radiat ion,  i f  any, from those associated with 
The first cycle was omitted 
I n  R u n  C G 2 2 ,  the  i r r ad ia t ed  c e l l  showed a capacity in-  
A water leak prevented the  determination of post-test  
I n  run CG-23,  the  i r r ad ia t ed  
I n  previous runs at 90% state of charge 
Additional data 
temperature, cycling, and other  variables,  
The gas evolution data, Table 111, must 
AI-66-33 
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be considered semiquantitative 
because of sea l ing  problems t h a t  existed i n  the s t e e l  ce l l s .  
c u l t i e s  are now being corrected with the a i d  of a helium leak detector.  
As i n  e a r l i e r  work, hydrogen was evolved during the  i r r a d i a t i o n  step. 
hydrogen w a s  detected i n  a silver-cadmium test  c e l l  than i n  the  blank con- 
ta in ing  only the  polystyrene l i n e r  and the e lec t ro ly te ,  
did produce s igni f icant  amounts of both hydrogen and methane upon ir- 
rad ia t ion ,  however, i n  processes d i s t i n c t  from those involving the  
electrodes. 
These d i f f i -  
More 
The blank c e l l  
The s o l i d  material recovered from the  s i l v e r  e lectrode compartment of 
the control  c e l l  was consis tent  i n  quantity and composition with tha t  
obtained i n  e a r l i e r  runs at 90% charge. 
have ranged from 4 t o  15 mg,2 w h i l e  7 mg w a s  observed here. 
Such losses ,  exclusive of s i l i c a ,  
The i r r a d i a t e d  c e l l  i n  Run CG-22 showed a typ ica l  s o l i d  lo s s ,  including 
s i l ica ,  of the  order of 50 mg. 
cluding s i l i c a ,  w a s  only 27 m g ;  corrected f o r  s i l i c a  content,  i t  was 26 mg. 
As i n  previous work, s i l v e r  metal w a s  the  major const i tuent  of the s o l i d s  
from the s i l v e r  electrode compartments of both ce l l s .  
I n  Run CG-23, t he  corresponding loss, in- 
The potential-time curves f o r  shallow cycling over an extended time are 
of i n t e r e s t  i n  electrochemical character izat ion of t he  system. Such curves 
f o r  cont ro l  c e l l s  at the  beginning and end of the  65 hour cycl ing s tage are 
shown i n  Figs. 9 and 10 f o r  60 and 90% s t a t e s  of charge. 
c i r c u i t  po ten t i a l  was essent ia l ly  constant at 1.42 v over the e n t i r e  cycling 
time. 
developed i n  la ter  cycling appears t o  be caused primarily by ohmic drop. 
A t  90%, the  open 
The increased separation of charge and discharge poten t ia l s  t ha t  
AI-66-33 
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Additional data w i l l  be obtained on s i l v e r  e lectrodes at 90% state of 
charge t o  check the precision and consistency of resu l t s .  The indicated 
precautions w i l l  be taken for standardization of currents  and control  of 
condi t ions in the  gas phase. The use of cadmium counter electrodes w i l l  
be continued, pending the  fur ther  invest igat ion of secondary zinc electrodes. 
The developnent of a spike on the charge segment and a negative slope on 
the discharge segment suggests a trend toward more severe k ine t ic  control 
as the  system ages. 
nounced, and a slow recovery w a s  observed on open c i r c u i t  following dis- 
charge. 
I n  the 60% run, lXg. 9,  this e f fec t  was more pro- 
Increased k ine t i c  cont ro l  might occur i f  par t  of the ac t ive  surface 
were l o s t  during the cycling stage,  with a r e su l t an t  increase i n  current 
densi ty  referred t o  the t rue  surface area. 
r e s u l t  from (a)  r ec rys t a l l i za t ion  of the electrode mater ia ls  or  (b) blocking 
by adsorption. I n  e i t h e r  case, the increased polar izat ion seen i n  15 minutee 
of current  flow w a s  not r e f l e c t e d i n  the capacity determined by complete dis- 
charge. 
form as d i s t i n c t  phases without the retent ion of c r y s t a l  geometry during 
anodic olddation 
is consumed i n  the electrode reaction or as the poten t ia l  reaches highly 
pos i t ive  or negative values. These in t e rp re t a t ions  a r e  ten ta t ive ;  i t  must 
be reca l led  that the cycling curves are recorded at 45", w h i l e  the capaci- 
t ies a r e  measured at room temperature. 
A l o s s  i n  ac t ive  area could 
This is not surpr i s ing  for  two reasons: (a) the two s i l v e r  oxides 
4 and (b) surface ac t ive  mater ia ls  may desorb as the so l id  
B o  PLANSFORFUTUREWORK 
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Testing procedures w i l l  be developed for  the zinc electrodes,  using re ten t ive  
wrappings and any other modifications of techniques that m a y  be required t o  
obtain sa t i s f ac to ry  capacity data. 
Major var iables  t o  be studied f o r  both electrodes a r e  s t a t e  of charge, 
rad ia t ion  dose, i r rad ia t ion  r a t e ,  and cycle depth. Ebcperiments w i l l  be 
designed t o  character ize  the gas evolution processes more spec i f i ca l ly  
with respect t o  react ion s i t e s  and synergism between the s i l v e r  and zinc 
electrodes.  
AI-66-33 
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